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(57) ABSTRACT

Method for cool drying gas containing water vapor, where a
gas 1s led through a secondary part of a heat exchanger, whose
primary part 1s an evaporator of a cooling circuit. The tem-
perature or the dew point 1s measured 1n the environment of
the place where, when cool drying, the temperature of the gas
to be dried 1s the lowest. The above-mentioned method also
has the step of switching off the cooling circuit when the
decrease of the lowest measured gas temperature (LAT) or the
dew pomt during a predetermined period of time amounts to
less than a preset value (v).

12 Claims, 3 Drawing Sheets
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1
METHOD FOR COOL DRYING

FIELD OF THE INVENTION

The present invention concerns a method for cool drying. 53

BACKGROUND

In particular, the present mvention concerns a method for
cool drying gas, in particular air, which contains water 10
vapour, whereby this gas 1s led through the secondary part of
a heat exchanger, whose primary part 1s the evaporator of a
cooling circuit which also comprises a compressor driven by
a motor; a condenser; an expansion means between the outlet
of the condenser and the 1nlet of the above-mentioned evapo- 15
rator.

Such methods, that are known among others from BE
1,011,932, are used among others for drying compressed air.

Compressed air, supplied for example by a compressor, 1s
in most cases saturated with water vapour, or 1in other words 20
has a relative humidity of 100%. This means that when the
temperature drops under what 1s called the dew point, there
will be condensation. The condensed water causes corrosion
in pipes and tools, as a result of which the appliances may
wear prematurely. 25

That 1s why compressed air 1s dried, which may be done by
means of the above-mentioned cool drying. Also other air
than compressed air or other gasses can be dried 1n this way.

Cool drying 1s based on the principle that, by lowering the
alr or gas temperature 1n the evaporator, moisture 1n the air or 30
gas will condense, after which the condensed water 1s sepa-
rated 1n a liquid separator and after which the air or the gas 1s
heated again, as a result of which the air or gas will be no
longer saturated.

The same 1s also true for other gasses than air, and each 35
time we refer to air hereatter, the same also goes for any other
gas than air.

A method for cool drying 1s already known, whereby based
on measurements of the evaporator pressure or the evaporator
temperature, the cooling circuit 1s switched on or off. 40

I 1t 1s found that there 1s a decrease of compressed air, the
cooling circuit will be started and as soon as the take-off of
compressed air stops again, also the cooling circuit 1s stopped
again.

A disadvantage of such a known method is that the heat 45
exchanger, after the cooling circuit has been switched off, will
heat up as cooling 1s no longer available.

If, subsequently, compressed air 1s taken off while the heat
exchanger 1s still relatively warm, temperature and dew point
peaks may immediately occur in the supplied compressed air, 50
since the gas to be dried 1n the heat exchanger will not be
suificiently cooled then to make the water 1n the gas to be
dried condense at maximum capacity.

In Belgian patent application No. 2005/0310 1s described a
method for cool drying that offers major improvements com- 55
pared to the conventional methods.

To this end, the method of BE 2005/0310 consists 1n mea-
suring the temperature of the dew point 1n the environment of
the place where the temperature of the gas to be dried is the
lowest when cool drying, and 1n switching on and off the 60
cooling circuit so as to always maintain the lowest gas tem-
perature of the dew point between a predetermined minimum
and maximum threshold value, whereby these threshold val-
ues are calculated on the basis of an algorithm that 1s a
function of the measured ambient temperature. 65

By the lowest gas temperature or LAT 1s meant here the
lowest temperature of the gas to be dried that occurs while

2

cool drying and that 1s reached, 1n principle, at the outlet for
the gas to be dried of the secondary part of the heat exchanger.
The LAT always gives a good 1ndication of the dew point of
the gas, since there 1s a connection between both.

SUMMARY

The present invention aims to provide an improved method

for cool drying, which represents a further optimisation of the
method from BE 2005/0310.

To this end, the present invention concerns a method for
cool drying a gas, 1n particular air, containing water vapour,
whereby this gas 1s led through the secondary part of a heat
exchanger, whose primary part 1s the evaporator of a cooling
circuit which also comprises a compressor that 1s driven by a
motor; a condenser; an expansion means between the outlet of
the condenser and the inlet of the above-mentioned evapora-
tor, whereby the temperature or dew point 1s measured in the
environment of the place where the temperature of the gas to
be dried 1s the lowest when cool drying, and whereby the
above-mentioned method comprises the step of switching off
the cooling circuit when the decrease of the lowest measured
gas temperature or the dew point over a pre-determined time

interval amounts to less than a preset value.

An advantage of such a method according to the invention
1s that the cooling circuit can be switched off as soon as it 1s
detected that the lowest possible value of the lowest gas
temperature or the dew point has been almost reached, which
helps to save energy.

A method according to the invention preferably also com-
prises a step whereby the lowest measured gas temperature or
the measured dew point 1s compared to a maximum threshold
value and, 11 the lowest gas temperature or the dew point 1s
situated above this maximum threshold value or deviates
from 1t by less than a predetermined value, the cooling circuit
remains switched on.

This 1s advantageous 1n that one prevents the cooling cir-
cuit from being switched off as soon as the lowest gas tem-
perature or the dew point 1s situated above the maximum
threshold value or deviates too little from the latter, as a result
of which the lowest gas temperature would reach the maxi-
mum threshold value again too soon.

According to another preferred characteristic of the mnven-
tion, the method for cool drying comprises the step of elimi-
nating the pressure difference prevailing over the compressor
of the above-mentioned cooling circuit before the cooling
circuit 1s activated after a stop.

A major advantage thereof 1s that the refrigeration com-
pressor can start quickly, as any possible starting problems
due to a too large pressure difference over this refrigeration
compressor are avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better explain the characteristics of the present
invention, the following preferred method according to the
invention 1s described as an example only without being
limitative 1 any way, with reference to the accompanying
drawings, 1n which:

FIG. 1 represents a device for applying a method for cool
drying according to the invention;

FIG. 2 schematically represents the course of the lowest
gas temperature as a function of time;

FIG. 3 schematically represents the course of the lowest
gas temperature as a function of time, while a method accord-
ing to the mvention 1s being applied;
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FI1G. 4 represents a variant of a method according to FIG. 1;
and

FI1G. 5 represents a variant of amethod according to FIG. 1,
where the bypass valve 1s provided parallel over the expan-
s1on valve and evaporator.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS OF THE DISCLOSURE

FIG. 1 represents a device 1 for cool drying which mainly
consists of a heat exchanger 2 whose primary part forms the
evaporator 3 of a cooling circuit 4 in which are also succes-
stvely erected a compressor 6 driven by a motor 3, a con-
denser 7 and an expansion valve 8.

This cooling circuit 1s filled with cooling liquid, for
example R404a, whose direction of flow 1s represented by the
arrow 9.

The secondary part of the heat exchanger 2 1s part of a pipe
10 for damp air to be dried whose direction of flow 1s repre-
sented by arrow 11.

Behind the heat exchanger 2, 1.e. at its outlet, 1s erected a
liquid separator 12 1n the pipe 10.

This pipe 10, before it reaches the heat exchanger 2, may
possibly extend with one part through a pre-cooler or recu-
peration heat exchanger 13 and subsequently, beyond the
liguid separator 12, extend through the recuperation heat
exchanger 13 again, 1n a parallel flow with or counter tlow to
the above-mentioned part.

The outlet of the above-mentioned pipe 10 can for example
be connected to a compressed air network, not represented in
the figures, onto which compressed air consumers are con-
nected, such as tools that are driven by compressed air.

The heat exchanger 2 1s a cooling liquid/air/heat exchanger
and can be made as a whole with the possible recuperation
heat exchanger 13 that 1s an air/air/heat exchanger.

The expansion valve 8 1s 1n this case made in the form of a
thermostatic valve whose thermostatic element 1s coupled in
the known manner via a pipe 14 to a “bulb” 15 which 1s
provided at the outlet of the evaporator 3, in other words
between the evaporator 3 and the compressor 6, on the cool-
ing circuit 4 and which 1s filled with the same cooling
medium.

It 1s clear that the above-mentioned expansion valve 8 can
be realised in many other ways, for example in the shape of an
clectronic valve that i1s coupled to a temperature gauge,
crected at the far end of the evaporator 3 or beyond the latter.

In some small cooling dryers 1, the expansion valve 8 may
have been replaced by a capillary tube.

In this case, but not necessarily, the cooling circuit 4 also
comprises a bypass valve 16 provided parallel over the expan-
s1ion valve 8 and which 1s 1n this case made 1n the shape of a
controlled valve that 1s connected to a control device 17.

The compressor 6 1s for example a volumetric compressor
that supplies practically an 1dentical volume flow at an 1den-
tical rotational speed, for example a spiral compressor,
whereas the motor 5 1s 1n this case an electric motor that 1s also
coupled to the above-mentioned control device 17.

The above-mentioned control device 17, which can be
made for example 1n the form of a PLC, 1s also connected to
measuring means 18 for the lowest air temperature LAT, and
to measuring means 19 for the ambient temperature Tamb.

The above-mentioned measuring means 18 forthe LAT are
preferably provided there where the lowest air temperature 1s
to be actually expected, 1.e. 1n this case right beyond the
secondary part of the heat exchanger 2, and preferably 1n front
of the liquid separator 12.

10

15

20

25

30

35

40

45

50

55

60

65

4

According to the 1invention, 1t 1s not excluded for the mea-
suring means 18 for measuring the LAT to be replaced by
measuring means for measuring the dew point, preferably
provided at the outlet of the secondary part of the above-
mentioned heat exchanger 2. Further, according to the inven-
tion, each time we refer to measuring means 18 for measuring
the LAT, also measuring means for measuring the dew point
could be applied.

The above-mentioned measuring means 19 for the ambient
temperature Tamb are preferably placed at the compressed air
network which makes use of the air that has been dried by the
device 1, 1n particular there where the final consumers of said

compressed air are situated, for example near tools that are
driven with this dried compressed atr.

The measuring means 19 may also be provided in other
places. In the case of compressed air to be dried, for example,
coming from a compressor, a good spot to provide the above-
mentioned measuring means 19 for the ambient temperature
appears to be at the inlet of this compressor.

The method for cool drying by means of a device 1 accord-
ing to FIG. 1 1s very simple and as follows.

The air to be dried 1s led through the pipe 10 and thus
through the heat exchanger 2, for example counter tlow to the
cooling fluid 1n the evaporator 3 of the cooling circuit 4.

In this heat exchanger 2, the damp air 1s cooled, as a result
of which condensate 1s formed which 1s separated 1n the liquid
separator 12.

The cold air that contains less moisture in absolute terms
beyond this liquid separator 12, but still has a relative humid-
ity of 100%, 1s heated 1n the recuperation heat exchanger 13,
as a result of which the relative humidity drops to preferably
less than 50%, whereas the fresh air to be dried 1s already
partly cooled in the recuperation heat exchanger 13 before
being supplied to the heat exchanger 2.

Thus, the air at the outlet of the recuperation heat
exchanger 13 1s drier than at the inlet of the heat exchanger 2.

The LAT 1s preferably kept within certain limits 1n the
known manner so as to prevent freezing of the evaporator 3
due to a too low LAT on the one hand, and to make sure that
the air 1s still sutficiently cooled so as to make 1t possible for
condensate to be formed on the other hand.

To this end, the cooling circuit 4 as described 1n BE 2005/
0310 can be switched on and off on the basis of the LAT and
ambient temperature measurements, for example by switch-
ing on and oif the driving motor 5 of the compressor 6 of said
cooling circuit 4.

In this way can be made sure that the LAT or dew point 1s
always situated between a predetermined minimum threshold
value A and a maximum threshold value B.

To this end, the temperature or dew point 1s measured in the
environment of the place where, while cool drying, the tem-
perature of the air to be dried 1s the lowest, and preferably
right beyond the secondary part of the heat exchanger 2, and
one or both of the above-mentioned threshold values A and/or
B are calculated on the basis of an algorithm as a function of
the measured ambient temperature Tamb.

According to the invention, the method for cool drying
comprises the step of switching off the cooling circuit 4 when
the decrease of the measured lowest gas temperature, 1n this
case the decrease ALAT of the lowest air temperature, or of
the dew point amounts to less than a preset value during a
predetermined period of time.

This 1s represented by means of FIG. 2, in which the
decrease of the lowest air temperature LAT, after the cooling
circuit 4 has been started, 1s represented as a function of time
L.
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In this example, the cooling circuit 4 1s started at time zero,
alter which there 1s a decrease of the lowest air temperature

LAT.

During the first period of time At,, the decrease of the
lowest air temperature amounts to ALAT,,.

During a subsequent period of time At,, which takes as
long as the first period of time At,, the decrease of the lowest
air temperature 1s ALAT,, whereby ALAT, 1s smaller than
ALAT,.

In the following period of time At, which takes just as long
as the two preceding periods of time, the decrease of the
lowest air temperature ALAT, 1s even smaller.

In this example, when 1t becomes clear that the decrease of
the lowest air temperature ALAT amounts to less than a pre-
determined value y which 1s for example practically equal to
1° C. for three successive periods of time of for example ten
seconds, the cooling circuit 4 will be switched off, for
example by switching oif the motor 5.

It 1s clear that the above-mentioned decrease of the lowest
air temperature ALAT according to the mvention must not
necessarily be observed over three successive periods of time,
but that i1t can also be considered over more or less periods of
time.

Thus, 1t 1s for example possible to already switch off the
cooling circuit 4 when the decrease of the lowest air tempera-
ture ALAT drops under a preset value y during only one
period of time, or to only switch oif the cooling circuit 4 when
there has been a decrease ALAT that amounts to less than a
preset value y during for example five successive periods of
time.

Naturally, the above-mentioned preset value y 1s not
restricted to 1° C., but this value can be freely selected by a
user.

Also the length of the above-mentioned period of time may
be set by the user and 1s notrestricted to a length of time of ten
seconds.

According to a preferred characteristic of the invention, the
measured lowest air temperature LAT or the measured dew
point 1s compared to the above-mentioned maximum thresh-
old value B, and the cooling circuit 4 stays switched on if the
lowest air temperature LAT or the dew point 1s situated above
this maximum threshold value B or differs from 1t by less than
a predetermined value z.

The predetermined value z can be freely selected by a user
and 1n practice preferably amounts to some 3° C.

Preferably, in a method according to the mvention, use 1s
made of an algorithm which restricts the number of start-ups
per hour of the cooling circuit 4 in order to avoid that the
above-mentioned motor 5, which may be for example an
electric motor, becomes overloaded due to the heat accumu-
lation 1n the windings.

What precedes can be realised for example by recording
the period of time that has elapsed since the last stop of the
cooling circuit 4, and by keeping the cooling circuit 4
switched on as long as this period of time, expressed in
minutes, 1s smaller than 60/n, whereby n represents the maxi-
mum admitted number of start-ups per hour of the motor 5.

However, it 1s also possible according to the invention to
consider the above-mentioned period of time for example as
of the last start-up of the cooling circuit 4.

FI1G. 3 schematically represents the course of the lowest air
temperature LAT as a function of time t for a method accord-
ing to the ivention, whereby a constant inlet pressure of the
gas to be dried and a constant ambient temperature Tamb are
taken as a basis.
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At the time t,, the cooling circuit 4 1s switched on, as a
result of which the measured lowest air temperature LAT
immediately decreases.

As soon as, for a predetermined period of time, the LAT has
decreased by less than a preset value y, the cooling circuit 4 1s
switched off, 1n this case at a time t,.

By switching oif the cooling circuit 4, the LAT 5 increases
again until 1t reaches the maximum threshold value B which,
since a constant ambient temperature Tamb 1s taken as a basis,
in this case 1s represented by a constant curve.

At that time, the cooling circuit 4 1s switched on again, after
which the LAT decreases again.

At the time t;, the decrease of the lowest measured air
temperature during a predetermined period of time amounts
to less than a preset value y, such that the cooling circuit 4 will
normally be switched off.

However, the period of time 60/n, which starts at the time
t,, 1n particular the time of the last stop of the cooling circuit
4, has not elapsed yet at time t5, such that the cooling circuit
4 will remain switched on until this period of time 60/n has
elapsed, at a time t,.

At that moment, the cooling circuit 4 1s switched off again
and the LAT increases again.

In an analogous manner as described above, the cooling
circuit 4 will be switched on as soon as the LAT has again
reached the maximum threshold value B, and the cooling
circuit 4 will only be switched oif again when the period of
time t.—t,, expressed in minutes, 1s equal to 60/n.

In an application with a variable ambient temperature
Tamb which 1s not represented 1n the figures, the maximum
threshold value B 1s not a constant, but 1t varies as a function
of the ambient temperature Tamb.

In the case of a constantly varying 1nlet temperature and/or
flow of the air to be dried entering the device 1, the cooling
circuit 4 1s preferably switched off when the lowest air tem-
perature LAT 1s almost constant during a predetermined
period of time of for example thirty seconds, for example with
a deviation of less than 2° C.

According to a preferred characteristic, a method accord-
ing to the mvention comprises the step of eliminating the
pressure difference prevailing over the compressor 6 of the
above-mentioned cooling circuit 4, before the cooling circuit
4 1s switched on after a stop.

To this end, the cooling circuit 4 1s 1n this case provided
with the above-mentioned bypass valve 16.

According to a preferred aspect of the invention, the bypass
valve 16 1s opened when the lowest air temperature reaches a
threshold value C that1s calculated for example 1s on the basis
of the ambient temperature Tamb.

In a practical embodiment of a method according to the
invention, the above-mentioned threshold value C may be
calculated for example by subtracting a constant value from
the above-mentioned maximum threshold value B.

When, with a method according to the invention, the lowest
air temperature LAT increases up to the above-mentioned
threshold value C after the cooling circuit 4 has been switched
oll, the bypass valve 16 1s opened, such that the pressures 1n
front of and beyond the compressor 6 are equalized, such that
when the maximum threshold value B of the LLAT 1s reached,
the cooling circuit 4 can be started up quickly and effortlessly
again as the motor 1s considerably less loaded.

FIG. 4 represents a variant of a device 1 according to FIG.
1 for cool drying, whereby the above-mentioned bypass valve
16 1s 1n this case provided parallel over the above-mentioned
compressor 6.

The method that 1s applied with such an embodiment of
device 1 1s analogous to the embodiment described above.
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FIG. 5 represents yet another embodiment of a device 1
according to FIG. 1, whereby the above-mentioned bypass
valve 16 1s now provided parallel over the above-mentioned
expansion valve 8 and the evaporator 3.

In this case as well, the method according to the invention
1s the same as described above.

In the above-described examples of a method according to
the mnvention, a combination of an energy-saving algorithm
and a bypass valve 16 1s always applied, but, according to the
invention, it 1s possible to apply only the energy-saving algo-
rithm, which switches off the cooling circuit as soon as the
mimmum attainable value of the LAT 1s approached, or only
a bypass valve 16 can be provided which eliminates the pres-
sure difference over the compressor 6 before starting the
cooling circuit.

Instead of damp air, other gasses than air containing water
vapour can be dried in the same manner and with the same
device 1. The LAT 1s then the lowest gas temperature.

The present invention i1s by no means restricted to the
method described as an example; on the contrary, such an
improved method according to the invention for cool drying
can be made 1n many different ways while still remaining
within the scope of the invention.

The mvention claimed 1s:

1. A method for cool drying gas comprising the steps:
leading a gas through a secondary part of a heat exchanger
comprising an evaporator of a cooling circuit which includes
a compressor that 1s driven by a motor, a condenser, and an
expansion device between an outlet of the condenser and an
inlet of the evaporator; measuring a temperature or a dew
point of the gas 1n an environment of a place where, when cool
drying the gas, the temperature of the gas 1s the lowest;
determining a change 1n a lowest measured gas temperature
or the dew point of the gas as a function of time when the
cooling circuit 1s started; and switching off the cooling circuit
when the change in the lowest measured gas temperature or
the dew point over a predetermined period of time 1s less than
a preset value, wherein said predetermined period of time 1s a
fixed period of time; and wherein the fixed period of time 1s
defined as at least three successive periods of time.
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2. Method according to claim 1, wherein the lowest mea-
sured gas temperature or the measured dew point 1s compared
to a maximum threshold value and, 1f the lowest gas tempera-
ture or the dew point 1s above said maximum threshold value
or deviates from 1t by less than a predetermined value, the
cooling circuit 1s not switched off.

3. Method according to claim 1, including using an algo-
rithm which restricts a number of start-ups per hour of the
cooling circuit.

4. Method according to claim 3, wherein a period of time 1s
recorded that has elapsed since a last stop of the cooling
circuit, and the cooling circuit 1s maintained in switched on
condition as long as this period of time, expressed 1n minutes,
1s smaller than 60/n, whereby n represents the maximum
number of admitted start-ups per hour.

5. Method according to claim 1, comprising the step of
climinating any pressure difference prevailing over the com-
pressor of the cooling circuit before the cooling circuit 1s
switched on after a stop.

6. Method according to claim 5, wherein the pressure dif-
ference over the compressor 1s eliminated by means of a
bypass valve provided 1n the cooling circuit.

7. Method according to claim 6, wherein the bypass valve
1s provided 1n parallel with the expansion valve.

8. Method according to claim 6, wherein the bypass valve
1s provided 1n parallel with the compressor.

9. Method according to claim 6, wherein the bypass valve
1s provided 1n parallel with the expansion valve and the evapo-
rator.

10. Method according to claim 6, wherein the bypass valve
1s opened when the lowest gas temperature or the dew point
has reached a threshold value that 1s calculated on the basis of
the ambient temperature.

11. The method according to claim 1, wherein the measur-
ing of the temperature or dew point of the gas at the lowest 1s
at a position beyond the secondary part of the heat exchanger
in front of a liquid separator connected to a primary part of the
heat exchanger for drying the gas.

12. The method according to claim 1, wherein a period of
time of the three successive periods of time 1s ten seconds.
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